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(54) Title of the invention: Laminated Wafer Polishing Method 
(57) Abstract 

Object: To improve the precision of the thickness polishing of SOI wafer layers, which are the element-formation layers, in 
the process of fabricating SOI semiconductor substrates using laminated wafers. 

Configuration: The laminated wafer 1 1 is affixed to the transparent mounting plate 3 using a clear wax and the polishing pad 1 
is a clear body. Laser light that is oscillated by the laser oscillator 4 is made into light with a wavelength that is equivalent to 
the desired thickness of the element formation layer of the laminated wafer 1 1 described above, using the wavelength 
converter 5. It then passes through the polishing pad 1 described above and a slurry 10 that has a higher refractive index than 
the laminated wafer 1 1 , striking the laminated wafer at 0, the full reflection angle. The light would pass through once the SOI 
wafer of the laminated wafer 1 1 had reached the desired thickness, so the polishing would be carried out until the light detector 
6 had detected the penetrating light. 

[See source for diagram.] 
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[Scope of Patent Claims] 

[Claim 1] A laminated wafer polishing method with the following characteristics. Light with a wavelength that is equivalent to 
the desired thickness of the wafer to be polished strikes the wafer to be polished at the full reflection angle. When the light 
passes through the aforementioned wafer to be polished or when light with a wavelength equivalent to the desired thickness of 
the wafer to be polished strikes the wafer to be polished at the angle of polarization, a polarization plate that has been placed to 
shut out polarized light reflects light from the aforementioned wafer being polished. The wafer polishing stops when the 
aforementioned polarized light passes through the polarization plate. 

[Claim 2]The laminated wafer polishing method as set forth in Claim 1 that has the following characteristics and performs the 
following series of controls. The mounting plate of the wafer polisher is made of clear parts and the laminated wafer is affixed 
to the aforementioned mounting plate using clear wax. Moreover, a slurry with a refractive index that is higher than the 
refractive index of the wafer to be polished runs between the laminated wafer and the polishing pad wafer to be polished. 
When light with a wavelength that is equivalent to the desired thickness of the element formation layer of the laminated wafer 
described above strikes the laminated wafer at the full reflection angle, the light detector mounted to the lower part of the 
aforementioned mounting plate detects the light that enters and passes through the laminated wafer, stopping the laminated 
wafer polishing process. 

[Claim 3]The laminated wafer polishing method as set forth in Claim 1 that is characterized by the following series of controls 
that stop the laminated wafer polishing process. The mounting plate of the wafer polisher is made of clear parts and the 
laminated wafer is affixed to the aforementioned mounting plate using clear wax. Light having a wavelength equivalent to the 
desired thickness of the element formation layer of the laminated wafer described above strikes the wafer to be polished at the 
angle of polarization from below the aforementioned mounting plate, and the passage of light through the polarizing plate that 
has been set up at a right angle to the polarizing surface of the polarized light reflected from the wafer to be polished is 
detected and the polishing of the laminated wafer is stopped. 
Detailed Description of the Invention 
[0001] 

[Industrial Field of Application] 

The present invention relates to a method for polishing laminated wafers in order to give a desired thickness to the 
element formation layer during the laminated wafer polishing process. 
[0002] 
[Prior Art] 

Laminated wafers, produced by securing an insulating layer between two Si wafers using direct adhesion technology 
(lamination technology), are being used as a means for making ICs more highly reliable, faster, and able to withstand high 
pressure. Of the two Si wafers in the laminated wafers described above, the surface of the upper Si wafer is oxidized, forming 
an oxidized Si0 2 membrane. Once this upper Si wafer, the SOI wafer, and the lower Si wafer, the base wafer, have been 
washed, they are laminated at room temperature. These are heat treated at a high temperature of around 800 - 1 100 °C, which 
results in the complete adhesion of the upper and lower Si wafers described above, separated by an oxidized Si0 2 membrane. 
Next, a flat grinder, for example could be used for rough or finishing grinding of the SOI wafer containing the oxidized Si0 2 
membrane. By polishing further, the SOI wafer can be made into a thin film by grinding it to a specified thickness. This sort of 
process makes it possible to produce SOI semiconductor substrates made up of an insulating layer, oxidized Si0 2 , between the 
SOI wafer and the base wafer. 
[0003] 

[Problems the Invention is to Solve] While the polishing method described above can be used to produce laminated wafers 
(SOI wafers) the majority of that thickness is removed during polishing and it is extremely difficult to produce a uniform 
element formation layer having a thickness of less than 1 urn. In particular, there is considerable variation in the thicknesses of 
the element formation layers, and production yields are low on SOI semiconductor substrates where the precision is around + 
0.5 urn. Additionally, it is not possible to improve the work efficiency of methods for measuring the SOI wafer thickness that 
involve removing the laminated wafers from the wafer polishers. The present invention was developed with these problems in 
mind and its object is to provide a laminated wafer polishing method that polishes the Si layer, which is the element formation 
layer, to the desired thickness efficiently and very precisely. 
[0004] 

[Means for Solving the Problems] In order to achieve the above object, the laminated wafer polishing method related to the 
present invention involves the following series of control processes. The light that strikes the wafer to be polished has a 
wavelength equivalent to the desired thickness of the wafer to be polished and strikes the wafer to be polished at the full 
reflection angle. When the light passes through the wafer to be polished described above, or, when light having a wavelength 
equivalent to the thickness desired for the wafer to be polished strikes the wafer to be polished at the polarization angle, the 
polarized light that is reflected from the aforementioned wafer to be polished passes through the polarizing plate that is 
positioned to cut off the polarizing light that is reflected from the wafer being processed. More specifically, the mounting plate 
of the wafer polisher is composed of clear parts and the laminated wafer has been affixed to the aforementioned mounting plate 
using clear wax. A slun-y having a higher refractive index than the refractive index of the wafer to be polished flows between 
the polishing pad and the laminated wafer. Light with a wavelength equivalent to the thickness required by the element 
formation layer of the aforementioned laminated wafer strikes the laminated wafer at the full-reflection angle. When the light 
detector that is positioned below the aforementioned mounting plate detects penetrating light from the light striking the 
laminated wafer, the polishing of the laminated wafer is stopped. Additionally, the following could serve as an alternative to 
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the method for polishing laminated wafers described above. The mounting plate of the wafer polisher would be made of clear 
parts and a laminated wafer would be affixed to the aforementioned mounting plate using clear wax. Light of a wavelength 
required by the element formation layer of the aforementioned laminated wafer would strike the wafer to be polished from 
below the aforementioned mounting plate at the polarizing plate. Light would pass through the polarization plate that is placed 
at a right angle to the polarization surface of the polarized light reflected from the wafer to be polished and when that light was 
detected, the polishing of the laminated wafer would be stopped. 
[0005] 

[Effect] With the refractive index of the first clear medium as nl and the refractive index of the second clear medium as n2, 
where nl > n2 and light advancing from the first medium to the second medium sine has an incident angle of 6 > n2/nl, then 
the boundary surface will be fully reflected. However, when the thickness t of the second medium above is equivalent to the 
wavelength \ part of the light that had been fully reflected will pass through the second medium. The polishing method in 
Claim 2 makes use of the aforementioned phenomenon. When using a slurry with at refractive index that is higher than the 
refractive index of the SOI wafer, and light with a wavelength equivalent to the desired thickness tl of the SOI wafer is aimed 
at the SOI wafer at the full reflection angle and polishing continues until light is detected passing through the SOI wafer, the 
thickness of the SOI wafer will be the desired thickness tl . By using this sort of series of controls, it is possible to determine 
whether the thickness of the SOI wafer has reached the desired dimensions while polishing with the laminated wafer affixed to 
the mounting plate, and it is possible to finish polishing at that point. 
[0006] 

Additionally, when the light is projected at the medium with the polarization angle (Brewster angle) as the incident angle, 
the reflected light will be polarized and, if a polarizing plate is set at a right angle to the surface of this polarized light, the 
reflected light described above will not be able to pass through the polarizing plate. However, when the thickness t of the 
medium becomes equivalent to the wavelength \ it will pass through the polarizing plate described above. The polishing 
method in Claim 3 makes use of this phenomenon. When light having a wavelength equivalent to the desired thickness tl of 
the SOI wafer strikes the SOI wafer at the polarization angle, the light detector will detect the light passing through the 
aforementioned polarizing plate, signaling the time to stop polishing the laminated wafers. This makes it possible to manage 
the thickness of the SOI wafer while the laminated wafer is still affixed to the mounting plate, and makes it possible to finish 
polishing when the desired thickness has been reached. 
[0007] 

[Embodiments] We will explain below the embodiments of the method of polishing the laminated wafers pertaining to the 
present invention with reference to the drawings. Figure 1 is a schematic diagram that shows the configuration of the 
embodiment of the laminated wafer polishing method based on Claim 2. Figure 2 is a diagram that shows the reflection and the 
penetration of the light. In these diagrams, the polishing pad 1 of the wafer polisher is clear. It is affixed to the tip of the drive 
spindle 2a, which is rotated, raised and lowered by the pad drive device 2. The mounting plate 3 could be a clear part made 
from Si0 2 and the laser oscillator 4 and the wavelength converter 5 could be installed above the aforementioned polarizing pad 
1 . The light detector 6 is positioned at the lower end of the mounting plate 3 and the output wiring of light detector 6 is 
connected to the control device 7. At the same time, there is output wiring that runs from the control device 7 to the 
aforementioned laser oscillator 4, the wavelength converter 5, the pad drive device 2 as well as the display device 8 and the 
warning device 9. Oscillated by the aforementioned laser oscillator 4, the laser light that is projected through the wavelength 
converter 5 is moved with the polarizing pad 1 so that it enters the aforementioned polarizing pad 1 . The light detector 6 is 
configured so that it also moves with these. Additionally, the slurry 1 0 that is used with this polishing process has a refractive 
index nl that is higher than the refractive index of the Si monocrystals, which is n2 = 3.42. 

[0008] The laminated wafer 1 1 is also known as an SOI substrate, which is two monocrystalline Si wafers separated by an 
insulating Si0 2 layer. The Si monocrystalline layer will be polished down to the vicinity of the desired thickness of the 
element formation layer in accordance with the manufacturing process used for laminated types of SOI substrates that are 
formed with direct contact technology. This laminated wafer 1 1 will be affixed to the mounting plate 3 using clear wax. After 
the laser light that is emitted by the laser oscillator 5 has been converted to the desired wavelength X(that is, it will be 
converted to X = tl , where tl is the target thickness of the SOI wafer) by the wavelength converter 5, it will pass through the 
polishing pad 1 and the slurry 10 before entering the wafer 1 1 at the full reflection angle 8. Here, as shown in Figure 2, the 
light passing through the polarizing pad 1 and the slurry 1 0 will enter the upper surface of the upper Si layer 1 la that makes up 
the laminated wafer 1 1 at the full reflection angle 0. When t > \ the aforementioned incident light will be fully reflected by the 
upper surface of the upper section of the Si layer 1 la, so no penetrating light will be detected by the light detector 6 and 
polishing by the polishing pad 1 will continue. When t = \ part of the light that had been fully reflected by the upper surface of 
the upper layer of the Si layer 1 la will pass through the upper part of the Si layer 1 la and further through the Si0 2 layer 1 1 b, 
the lower Si layer 1 1 c, the wax layer 12, the mounting plate 3, advancing to the lower part of the mounting plate 3, When the 
light detector 6 detects this penetrating light, it outputs a signal to the control device 7 and the control device 7 sends a signal 
to the pad drive device 2 to stop, so the polarizing pad 1 rises and the display device 8 shows that polishing has stopped. 
Whenever there is some sort of error in the above polishing process, the control device 7 outputs an instruction signal to the 
alarm device 9 and the alarm device 9 goes into action while the pad drive device 2 and the drive spindle 2a are raised, 
stopping the polishing process. 

[0009] In this embodiment, the polishing pad was clear and the laser light was projected onto the laminated wafer through the 
slurry and the polishing pad. However, the invention is not restricted to this. The laser light could be projected directly into the 
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slurry so that its incident angle with respect to the laminated wafer was the full reflection angle. In this case, the polishing pad 
would not have to be clear. 

[00 10] Figure 3 is a diagram that shows the schematic configuration of an embodiment that uses the method of polishing 
laminated wafers described in Claim 3. In this diagram, the mounting plate 3 of the wafer polisher is clear, possibly made of 
Si0 2 and the laser oscillator 4, the wavelength converter 5, the polarizing plate 12 and the light detector 6 are each placed at 
the lower end of this mounting plate 3. The output wiring of the light detector 6 is connected to the control device 7. At the 
same time, output wiring from the control device 7 is connected to the laser oscillator 4, the wavelength converter 5, the pad 
drive device 2 that rotates, raises and lowers the polishing pad 1 of the wafer polisher, as well as the display device 8 and the 
warning device 9. Additionally, the laminated wafer 1 1 is affixed to the mounting plate 3 with clear wax. 
[001 1] When the laser light that is emitted by the laser oscillator 4 has been converted to a specific wavelength X (that is, when 
it has been converted so that X = tl, where the desired thickness of the SOI wafer is tl) by the wavelength converter 5, and it 
passes through the mounting plate 3, the clear wax layer 12, the lower Si layer 1 lc and the Si0 2 layer 1 lb of the laminated 
wafer 1 1 , it strikes the lower surface of the upper Si layer 1 1 a at the polarization angle. Part of this incident light is reflected by 
the upper and lower surfaces of the upper Si layer 11a, but the reflected light here is polarized, so it enters the polarizing plate 
1 3 after passing through each of the aforementioned layers. Here, the polarizing plate 1 3 is positioned at a right angle with 
respect to the polarized light surface that is reflected from the upper Si layer 1 la, so the light detector 6 is unable to detect this 
polarized light. However, when the thickness t of the upper Si layer 1 la becomes equivalent to the X described above, part of 
the polarized light that is reflected from the upper Si layer 1 la penetrates the polarizing plate 13 and enters the light detector 6. 
When the light detector 6 detects this penetrating light, it outputs a signal to the control device 7 and the control device 7 sends 
a signal to the pad drive device 2 to stop polishing, so the polishing pad 1 rises and the display 8 shows that polishing has 
finished. 
[0012] 

In Claim 3 and in this embodiment, the mounting plate and the wax were both clear and the laser light was projected at 
the laminated wafer from below the mounting plate, but the present invention is not restricted to this. It would also be possible 
to project the laser light from above the laminated wafer into the slurry so that the incident angle with respect to the laminated 
wafer was the polarization angle. 
[0013] Effect of the Invention 

As explained above, the method of the present invention makes it easy to improve precision when polishing SOI 
semiconductor substrates. Light passes through a slurry that has a refractive index that is higher than the refractive index of the 
laminated wafer. Light with a wavelength equivalent to the required thickness strikes the laminated wafer at the full reflection 
angle. Polishing continues until light is detected passing through the laminated wafer. This method makes it possible to easily 
improve precision when polishing SOI semiconductor substrates, where precision management has traditionally been very 
difficult. Or, light with a wavelength that is equivalent to the required thickness strikes the laminated wafer at the polarization 
angle. A polarization plate is placed so that that reflected light does not pass through. Polishing continues until light passes 
through the aforementioned polarization plate. Even in such methods, it is easy to achieve the same sort of improvement in 
polishing precision as above. Moreover, by using the polishing methods of the present invention, it is possible to determine 
directly whether or not the SOI wafer has reached the desired thickness while the laminated wafer is still affixed to the 
mounting plate. The polishing plate will be raised and the polishing process stopped once the desired thickness has been 
reached and this makes it possible to improve laminated wafer polishing efficiency. 

Brief Description of the Drawings . 

Figure I : This is a schematic diagram showing an embodiment of the method for polishing laminated wafers as described in 
Claim 2. 

Figure 2: This is a diagram showing the reflection and penetration of the light in Figure 1 . 

Figure 3: This is a schematic diagram showing an embodiment of the method for polishing laminated wafers as described in 
Claim 3. 

Explanation of Numbers and Symbols 
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Figure 1 [see source for diagram] 
Figure 2 [see source for diagram] 
Figure 3 [see source for diagram] 
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Abstract of JP5309558 
PURPOSE:To improve the polishing accuracy 
of the thickness of an SOI wafer layer being an 
element forming layer, in a manufacturing 
process of an SOT semiconductor base with a 
laminating wafer. 

CONSTITUTION:A laminating wafer 1 1 is 
stuck on a transparent mount plate 3 by using 
a transparent wax, and a polishing pad 1 is 
made in a transparent body. The laser beams 
a laser oscillator 4 generates are made to the 
beams with the wavelength equal to the 
thickness required to the element forming layer 
of the laminating wafer 1 1 by a wavelength 
converting device 5, and injected to the 
laminating wafer 1 1 in the whole reflecting 
angles through the polishing pad 1 and a slurry 
10 with the refration factor higher than that of 
the laminating wafer 1 1 . Since the light 
permeates when an SOI wafer of the 
laminating wafer 1 1 is made into a desired 
thickness, a polishing is carried out until a light 
detector 6 detects the permeation light. 
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